amendment. Composting turns wastes (such as animal manure, industrial wastes, food wastes, or yard trimmings) into useful materials that possess substantial economic and environmental benefits; composting also diverts the wastes from going to landfills. Federal and state agencies have begun to encourage compost use on highway embankments. The U.S. Environmental Protection Agency (EPA), the Composting Council of Research and Education Foundation (CCREF), the U.S. Composting Council (USCC), and the federal and state Departments of Transportation (DOTs) started to advocate and regulate the use of compost on state highway applications (CCREF and USCC, 2001) . To provide guidelines, some pilot-scale demonstration projects on compost erosion control were carried out by state DOTs in the past 10 years. For example, California DOT applied green material compost on HW 267 in Placer County, California (California EPA, 2000) ; Connecticut DOT used compost from yard trimmings at the intersection of Routes 198 and 6 in Chaplin, Connecticut (Connecticut Department of Environmental Protection, 2001); and Texas DOT conducted compost demonstration project using dairy manure compost on HW127 in Amarillo, Texas (Barkley, 2004) .
The challenges associated with field experiments, however, hinder the comprehensive understanding of the compost erosion control. These challenges include: (1) test conditions such as the rainfall intensity and duration cannot be controlled in the field, and the interference of wind complicates the understanding of the erosion mechanism of each individual physical disturbance, (2) quantitative evaluation of erosion such as collecting all the eroded soils may be difficult to achieve, (3) runoff during or after the rainfall may not be timely sampled for constituent analysis, and (4) cost of the field experiments is relatively high.
Laboratory-scale tests under controlled experimental conditions can facilitate the understanding of the effect of each factor on erosion control, and various test configurations could be investigated with much less expense. Rainfall simulators were used to provide controlled rainfall for soil infiltration, erosion, and runoff study in bench-scale experiments. To simulate the natural rain, a rainfall simulator should provide the same characteristics of natural rain, in terms of rainfall intensity, drop sizes and distribution, terminal velocity, rainfall impact energy, and spatial distribution of raindrops. Rainfall simulators have been extensively researched and cited in the literature (Swanson, 1965; Meyer and Harmon, 1979; Bryan and Luk, 1981; Thomas and Swaify, 1989; Hallock et al., 2002; Humphry et al., 2002; . In this study, the rainfall simulator was built based on the study by Humphry et al. (2002) .
The rainfall runoff from compost should be analyzed for the constituents such as heavy metals, bacteria, and nutrients in order to evaluate the impact of compost application on runoff-receiving waters. The USDA and the USCC (2002) have set forth the "Test Methods for the Examination of Composting and Compost" (TMECC) to ensure the quality of finished dry compost. To evaluate the ambient water quality, the EPA's Clean Water Act (EPA, 1999 ) is referred to in the United States. Although compost application on roadside erosion control is widely reported, available compost runoff data in the literature are limited. In this study, the dissolved and suspended solids, nutrients, and heavy metals were measured in the runoff, and the results were compared and analyzed.
Recent studies on erosion control using compost focused on the performances of various compost materials. For example, compared the effectiveness of biosolids compost, yard waste compost, and manure compost with different amendments and their effects on runoff constituents; Xiao and Gomez (2009) studied the effect of different composts on slope stability and found that erodible compost that does not meet the "Test Methods for the Examination of Composting and Compost" (TMECC) (USDA and USCC, 2002) specifications may trigger a slope failure (sliding) of an embankment that is otherwise stable without a compost cover. The recent bench-scale study by concluded that particle size distribution of an organic erosion control blanket is probably the main characteristic that influences runoff and/or sediment loss. Recent technical developments allowed compost manufacturers to make the same compost material into grains with different and specified sizes to suit special needs of engineering applications such as filtration and drainage. However, the effects of various grain size combinations on vegetation establishment and runoff volume and constituents are unclear.
This article, based on laboratory-scale experiments, evaluated the feasibility of a patent pending manure compost of the same original material but different grain sizes as a rainfall and wind erosion control blanket on roadside embankments. The study aims to answer the following three questions: (1) whether the proprietary compost can be a suitable long-term rainfall and wind erosion control material, (2) which compost application configuration in terms of grain sizes results in successful vegetation and the least soil loss, and (3) how to predict the compost loss in the field.
MATERIALS AND METHODS

MATERIALS AND RAINFALL EROSION EXPERIMENTAL SETUP
The series of soil erosion experiments were conducted on the campus of Kansas State University. The compost used in this study is a patent pending compost developed by Earth Solutions, LLC, a joint venture between Kansas Livestock Association and Agri Beef Co. (Boise, Idaho). The compost was made from cattle manure, natural soil, and agricultural byproducts. The compost had gone through a 3-month composting process. The maturity test results provided by the compost vendor indicated the compost reached a mature and stable condition, i.e., the compost will not further decompose and is free of compounds such as ammonia and organic acids that can be toxic to plant growth. The humus-like compost is referred to as unpelletized compost in this study. Then the compost was pelletized using a patent pending technology into three different sizes. The compost vendor named the three types of pelletized composts as "cut-short," "coarse," and "medium," respectively. The grain size distributions of the four types of compost are presented in figure 1 . A sandy loam, a common native soil in Kansas, was used as base soil, whose size distribution is also plotted in figure 1.
To simulate natural rain, a rainfall simulator was built to produce uniform rainfall with the similar drop size distribution, impact energy, and intensity of natural rainfall. Humphry et al. (2002) designed a rainfall simulator using a single spray nozzle (Model: full cone nozzle, 50WSQ; Spraying Systems Co., Wheaton, Ill.) centered at a height of 3 m. At an operating nozzle pressure of 28 kPa (4.1 psi), the nozzle yielded continuous flow at an intensity of approximately 70 mm/h (2.8 in./h) uniformly over a 1.5-× 2.0-m plot area (Humphry et al., 2002) . Their tests showed that the simulated rainfall possessed characteristics similar to natural rainfall in terms of drop size distribution, impact energy, intensity, and uniformity. In this study, the rainfall simulator ( fig. 2a ) was built and operated using the same parameters in Humphry's study (2002) . The rainfall erosion tests were conducted indoors to minimize the influence of wind on rainfall uniformity, and the lab temperature was maintained at 18°C. The nozzle used in this study provided an average intensity of 64 mm/h (2.5 in./h), which corresponds to a 10-to 25-year event of 1-h rainfall [66 mm/h (2.6 in./h)] in different regions in Kansas (Weather Bureau, U.S. Department of Commerce, 1961) .
To simulate the roadside embankment, a soil box with dimensions 91 × 30 × 17.8 cm (36 × 12 × 7 in.) was designed and built ( fig. 2b ). The soil box was placed at a slope of 1:3 (vertical vs. horizontal, or 18°), which is a typical highway embankment slope in Kansas. A metal mesh was used at the toe of the slope to prevent the soil from sliding and meanwhile to allow for soil erosion. The runoff and eroded soils were guided through the downstream chamber and a hose to a collecting pan outside of the raining area. The eroded soils were collected from the runoff, oven-dried, and weighed after each rainfall erosion test. Ten rain gauges were mounted along the sides of the soil box to record the rainfall intensity.
SINGLE-EVENT RAINFALL EROSION TESTS
The base soil was first tested for erodibility. Harvard miniature compaction test yielded the optimum water content of 14.8% for the maximum dry density of 1.77 g/cm 3 . The base soil was prepared at the optimum water content and compacted to a dry density of 1.50 g/cm 3 (compaction ratio = 85%). The height of the base soil after compaction is 2.54 cm (1 in.), and the simulated rainfall was 1 h in duration. As an erosion control layer, the compost was applied loosely on the compacted base soil. Two compost application configurations were tested: (1) unpelletized compost; (2) unpelletized compost and pelletized "cut-short" compost evenly mixed with equal mass. In both configurations, the compost application rate (the thickness of the compost layer) was 1.27 cm (0.5 in.), or 48 ton/acre in field scale. Rainfall erosion tests of 1-h duration were conducted. The test results of single-event rainfall erosion tests are listed in table 1. The results showed the compost cover significantly reduced the soil erosion. The pelletized "cut-short" compost functioned as a better erosion control layer than the unpelletized compost, due to the stronger resistance of pellets to rainfall impact than the humus-like unpelletized compost.
MULTIPLE-EVENT RAINFALL EROSION TESTS
In order to study the long-term erodibility of compost, the base soil with compost cover was subjected to repeated rainfalls, 1-h in duration, in each test. Six repeated rainfall erosion tests were performed with 3-day intervals between tests. The 3-day interval was chosen to give the soil a fair amount of time to dry and meanwhile reasonably shorten the duration of the series of the tests. Since the mixed unpelletized and "cut-short" compost had better soil erosion resistance than the unpelletized compost alone (table 1), the mixed compost configuration was chosen for the multipleevent rainfall erosion tests. Because the compost can be manufactured into different pellet sizes, the compost of three different pellet sizes were laid on the three sections of the slope, with the "medium" compost (the smallest pellets) on the upper one-third section of the slope, the "coarse" compost (the mid-size pellets) on the mid one-third section, and "cut-short" compost (the largest pellets) on the lower one-third section of the slope. This type of compost configuration, as shown in figure 3 , is referred to as "filtered" compost configuration. In the filtered compost application, the eroded finer pellets at the upper slope could be filtered by the coarser pellets at the lower slope, thus reducing soil loss in the runoff. In both configurations, the base soil was prepared in the same way as described earlier.
In both the single-and multi-event erosion tests, duplicate tests were conducted. Test conditions were kept identical, including soil and compost preparation and rainfall parameters. Same erosion phenomena were observed. The soil losses for the duplicate tests differ in the range of 7% to 15%.
VEGETATED COMPOST EROSION TESTS
Vegetation on erosion control layer may further reduce the soil loss by (1) intercepting raindrops and consequently absorbing the impact energy, (2) retarding erosion by slowing surface runoff velocity, and (3) physically restraining soil movement using root structure. The nutrients in compost can promote quick vegetation establishment and sustain the long-term vegetation growth. However, germination of grass seeds in compost could be affected by salt concentration in compost, compost configuration, and application rate. In this series of tests, two compost configurations were tested. One was "cut-short" and unpelletized composts mixed in equal mass. This combination was chosen because bigger (therefore heavier) pellets erode less easily than finer pellets (as indicated in table 1); meanwhile, unpelletized compost enhance the surface contact of grass seeds with compost and therefore promote seed germination. The application rate of mixed compost is 1.27 cm (0.5 in.). Filtered compost configuration, as shown in figure 3 and described earlier, was also tested. In both configurations, the base soil was prepared in the same way as in the single-event rainfall test. Grass seeds (Qwik grass mixture; Pennington Seed, Inc. Madison, Ga.) were embedded at the interface between the base soil and the compost. The seeding rate was 8.85 g/m 2 (75 lb/acre) as recommended by the Kansas Department of Transportation (K. Heller, Kansas Livestock Association, personal communication, 2004) .
Immediately after the seeding, a rainfall erosion test was performed on the compost. Then the soil box was placed under fluorescent light in the lab for the grass to germinate and grow ( fig. 4a ). After one week, the second rainfall test was performed on the seeded compost. Then the soil box with the vegetated compost was placed back under the fluorescent light in lab for another week. Grasses sprouted in the mixed compost three days after seeding and continued to grow 21 days, were performed on the mixed compost; while the filtered compost tests, in which no vegetation was established, were terminated after three rainfall events.
WIND EROSION TESTS
Wind erosion of the base soil and the composts were tested at the USDA Wind Erosion Research Unit in Manhattan, Kansas. Dry base soil and composts were packed loosely in a soil chamber [122 × 25 cm (48 × 10 in.)], and the soil chamber was installed in the wind tunnel ( fig. 5 ). Two configurations were tested: (1) the soil chamber was positioned flat so that the wind was parallel to the soil surface, the wind speed was measured at 30 cm above the soil surface, (2) the soil chamber was inclined at 18° angle (the same slope as in the rainfall erosion tests), and the wind speed was measured at the mid slope. The maximum wind speed achieved in the wind tunnel was 57.6 km/h (36 mile/h), and the test duration was 15 min. Table 2 shows the actual soil losses under repeated rainfall erosions without vegetation. When comparing the soil losses within each compost configuration, the soil erosion in the mixed compost configuration gradually increased with repeated rainfall events until it reached a peak and began to decrease; for the filtered compost configuration, similar trend was observed with intermediate fluctuations. The increased soil erosion was probably because the pellets became soft and gradually lost structural integrity under repeated wetting and drying and rainfall impact. The pellets breakdown was visually noticed in the filtered compost configuration after three repeated rainfalls. Comparison of the soil losses between the two compost configurations indicates that the filtered compost initially yielded less soil loss due to filtration; after the pellets breakdown, the filtered compost configuration appeared to be more susceptible to erosion than the mixed compost configuration. For the multiple-event tests, soil moisture content was not measured at the beginning of each test, because taking the compost and base soil samples would affect the slope integrity. However, the gravimetric moisture content for the single-event tests with the same configuration was measured at the end of the tests -two samples of the compost and two samples of the base soil (about 100 g each) were taken and oven dried, and the average moisture content for each material was obtained. For the filtered compost, the moisture contents were 46.1% (for compost) and 37.6% (for the base soil) at the end of the test; for the mixed compost, the average moisture content of the compost was 70.5% at the end of the test. Since the tests were conducted indoors under constant temperature and humidity, the moisture content at the beginning of each test were expected to be similar. So the effect of different moisture content on soil erosion was negligible. Runoff in each test was collected and measured. For the compost with the filtered configuration, the collected runoff was 14.2 L in the initial event when the compost was air dried and 16.2~18.0 L in the sequential tests; for the compost with the mixed configuration, the collected runoff was 14.2 L in the initial event and 17.2~18.4 L in the sequential tests. The similar runoff volumes indicate that the flow hydrographs for the multiple events were similar. This was due to the controlled indoor condition and consequently similar initial moisture content at the beginning of each test.
RESULTS AND DISCUSSION
MULTIPLE-EVENT RAINFALL EROSION TESTS RESULTS
The soil losses of the vegetated compost erosion tests are shown in table 3. For the mixed compost configuration, the soil losses of the vegetated compost (table 3) and those without vegetation (table 2) clearly showed that vegetated compost dramatically reduced soil loss. The disintegration of compost pellets was visually observed in the non-vegetated compost. With vegetation, the disintegration of compost pellets was less obvious. The pelletized compost in the filtered configuration provided less contact with the seeds; while in the mixed configuration, the humus-like unpelletized compost enhanced the surface contact with the seeds and promoted the germination. The importance of seed and soil interface contact was emphasized by Sedgley (1963) and Harper and Benton (1966) . The failure of vegetation establishment in the filtered compost may be due to the less surface contact of the compost pellets with the seeds. The discrepancy of soil losses of the filtered compost, as revealed in tables 2 and 3, may be due to the different time period between rainfall events: the longer interval (7 days) between rainfall events allowed compost to dry and form a hard crust ( fig. 4c) , therefore, the soil loss was less.
RUNOFF ANALYSES
Major physical and chemical properties in the runoff were measured. In each rainfall erosion test, one representative runoff sample was collected in the collection pan. The samples were analyzed at the Soil Testing Laboratory at Kansas State University. Table 4 lists the runoff analyses of the mixed compost without vegetation, and table 5 shows the runoff analyses for the same compost configuration with vegetation. Both test configurations were subjected to repeated rainfall events (six events for non-vegetated compost, and four for vegetated compost). Both tables show that the concentrations of runoff constituents decreased with repeated rainfall. When comparing the nutrients and metal concentrations in both tables, no apparent trend was revealed to conclude the effect of vegetations on runoff constituent concentrations for this particular compost. The Clean Water Act (CWA) (EPA, 1999) and the Stormwater Effects Handbook (Burton and Pitt, 2001 ) were referred to when evaluating the runoff constituent concentrations in this study. CWA's ambient freshwater quality criteria were also included in tables 4 and 5. The two tables use "criterion maximum concentration" (CMC) and "criterion continuous concentration" (CCC) in the CWA. CMC corresponds to the "acute" criterion with an exposure period of 1 h, and CCC corresponds to the "chronic" criterion with an averaging exposure period of 4 days. The data indicate that nitrogen in the runoff was higher than the limit (90 ppm, considering the adverse effect on warm-water fish) in the first rainfall event and decreased below the limit in the sequential rainfalls. Copper's concentration was higher than the CWA's water quality criteria, and chromium and nickel's concentrations were lower than the limits of 0.57 and 0.47 ppm, respectively. [a] ND = not detectable; NA = not available. [b] EPA recommended water quality criteria for nonpriority toxic pollutants: CCC.
[c] Nitrate as nitrogen, below 90 mg/L, no adverse effect on warm-water fish (Knepp and Arkin, 1973) . [d] EPA recommended water quality criteria for nonpriority toxic pollutants: CMC.
[e] Detection limits for Cd, Cr, Cu, Fe, Mn, and Zn are 0.1 ppm, and for Ni and Pb are 0.2 ppm.
[f] EPA recommended water quality criteria for priority toxic pollutants: CMC. [a] ND = not detectable; NA = not available. [b] EPA recommended water quality criteria for nonpriority toxic pollutants: CCC. [c] Nitrate as nitrogen, below 90 mg/L, no adverse effect on warm-water fish (Knepp and Arkin, 1973) . [d] EPA recommended water quality criteria for nonpriority toxic pollutants: CMC. [e] Detection limits for Cd, Cr, Cu, Fe, Mn, and Zn are 0.1 ppm, and for Ni and Pb are 0.2 ppm. [f] EPA recommended water quality criteria for priority toxic pollutants: CMC. Table 6 presents the average soil losses (g/m 2 /h) based on the 15-min wind erosion tests. As the wind speed increased to 43 km/h (27 mile/h), the base soil particles on the surface started to roll off the soil chamber, while the unpelletized, "coarse," and "cut-short" composts remained stationary at the maximum wind speed [58 km/h (36 mile/h)] without soil loss. The wind erosion tests revealed that compost has higher wind erosion threshold than the sandy loam base soil. Meanwhile, the "medium" pelletized compost, which had the smallest pellets, tended to erode even more than the base soil. It was noticed that unpelletized compost, although with finer particle sizes, performed better than the "medium" pelletized compost in wind erosion.
WIND EROSION TESTS RESULTS
FIELD SOIL LOSS PROJECTION USING USLE
In order to evaluate the effectiveness of compost erosion control blanket against the tolerable soil loss in field conditions, the Universal Soil Loss Equation (USLE) is used in this study. USLE, developed by the USDA (Wischmeier and Smith, 1978) , has been widely used to predict the average annual rate of sheet and rill erosion in agricultural fields. The equation considers rainfall pattern, soil type, topography, crop system, and management practices, and is expressed as:
where A = average annual soil loss and it is conventionally expressed in tons/acre/yr, R = rainfall and runoff factor, K = soil erodibility factor, L = slope length, S = steepness factor, C = cover and management factor, and P = support practice factor. In this study, the USLE is used to predict the annual erosion of the base sandy loam. The rainfall and runoff factor (R) for a given location depends on the rainfall intensity and duration. Erosion index (EI) can be used to determine the R-value. EI is the product of total kinetic energy of rain (expressed in hundreds of foot-tons per acre) and the maximum 30-min intensity in inches per hour (Wischmeier et al., 1971) . The rainfall simulator study by Humphry et al. (2002) calculated the kinetic energy of the raindrops as 100 to 232 ft-lb/ft 2 , or (22 to 51) × 10 2 ft-tons/acre. In this research, the same rainfall simulator specified by Humphry et al. (2002) was built. The average rainfall intensity measured is 6.35 cm/h (2.5 in./h), so the EI in this study is calculated to be 55 to 128 (ft·tons·in.) / (acre·h). Then the R-value for a given location is the sum of all the EI values for the year. However, annual R-value based on EI could not be obtained in this study because realistic record of rainfall intensity in one year was not conducted. Therefore the R-value was obtained based on the chart of average annual values of rainfall erosion index (Wischmeier and Smith, 1978) -the R-value (ft·tons·in.) / (acre·h) varies from 100 in western Kansas, where annual precipitation is 38 cm/yr, to 250 in southeastern Kansas, where annual precipitation is 104 cm/yr. The soil erodibility factor (K) represents a soil's ability to resist erosion and is determined by the soil texture, soil structure, organic matter content, and soil permeability. For a given soil, it equals the average soil loss per unit of factor R from a 9% slope of 22.13 m length in a clean-tilled continuous fallow (Wischmeier, 1976) . Using the soil erodibility nomograph (Wischmeier et al., 1971) , the K value of the sandy loam used in this research was approximated to be 0.25.When using the USLE to predict the erosion loss of mineral soils with compost cover, it is conventional to treat compost as a cover management, rather than mineral soils (Demars and Long, 1998; Demars et al., 2000; Mukhtar et al., 2004; Faucette et al., 2005 . So the K factor of the compost-covered sandy loam should use the K value of the mineral base soil, which is 0.25 in this case. The enhanced erosion resistance due to the compost blanket is reflected in the C factor.
If the in-field slope length is not 22.13 m or the slope gradient is not 9%, the annual soil loss needs to be corrected using the slope length and steepness factor (LS) (McCool et al., 1982) :
where l = slope length (m), s = slope gradient (%). It is assumed that the slope length is 22.13 m in the field, and in this study, slope gradient s = 33%, so LS = 5.41. The cover and management factor (C) is the ratio of soil loss in an area with specified cover and management to the corresponding soil loss in a clean-tilled and continuously fallow condition. For bare ground, C = 1.0. With compost erosion control blanket, the C factor can be simplified as the soil loss ratio of the compost to the bare soil under the same test conditions in a single rainfall event (Demars and Long, 1998; ECTC, 2004; . Recent literature reported C factor of compost blanket in the range of 0.008~0.05 (Demars and Long, 1998; Demars et al., 2000; Mukhtar et al., 2004; Faucette et al., 2005) . In this study, the C factor of different compost configurations (filtered, mixed, and vegetated) were calculated using the compost and base soil loss data in tables 1-3. The calculated C factor (also listed in tables 1-3) is in the range of 0.010~0.064.
Lastly, the support practice factor (P) is the ratio of soil loss with a support practice such as contouring, stripcropping, or implementing terraces compared to up-anddown-the-slope cultivation. For construction sites such as roadside embankment, P is not used in the equation (Balousek et al., 2000) .
With the above values, the USLE yielded the average annual soil losses in Kansas without erosion control measures from 33.31 g/m 2 /yr in western Kansas to 75.79 g/m 2 /yr in southeastern Kansas, and they significantly exceed the tolerable soil loss of 1.12 g/m 2 /yr (or 5 tons/acre/yr) specified by the U.S. Natural Resources Conservation Service (NRCS, 1999) . With compost cover of various configurations (filtered, mixed, vegetated), the average annual soil losses were calculated and listed in tables 1-3. Mixed compost configuration with vegetation significantly reduced the soil loss to 0.34 to 0.83 g/m 2 /yr (table 3) .
The USLE could also be used to evaluate rainfall erosion of organic products such as compost or peat when the organic soil itself constitutes the base soil and no cover management is used. Therefore, the C factor is 1.0. However, evaluation of compost erodibility factor (K) lacks in the literature. For soils with less than 3% of silt and very fine sand (less than 0.1 mm), as in the case of compost, the nomograph (Wischmeier et al., 1971) yields an approximate K value of 0, indicating very low erodibility. The organic content of the compost used in this study is 30%. Wischmeier et al. (1971) pointed out that whether or how much K declines when organic matter levels exceeds 4% had not been determined. In this article, a new soil loss prediction method was proposed. The annual soil loss in the field, Z field (tons/acre/ yr), may be predicted using:
where Z lab = soil loss (g/m 2 ) in the lab-scale testing during 1-h simulated rainfall event under a certain intensity (64 mm/h in this study); F = unit conversion coefficient (from g/m 2 to tons/acre), so F = 223.9; N = annual equivalent number of 1-h rainfall events with the same simulated rainfall intensity, and N value depends on the annual precipitation for a given region. If we let the predicted soil losses from the two methods be equal:
since the annual loss of natural mineral soil in the field can be predicted using the USLE, N value can be solved from equation 4. N value represents the intrinsic rainfall characteristics of a certain geographical location and is independent of soil properties. Therefore, the N value can be used to predict the annual loss of compost using equation 3. In this study, Z lab of the sandy loam is 3207.6 g/m 2 (from table 1), the annual soil loss predicted from the USLE for a 22.13-m long 18° slope was from 30.31 to 75.79 g/m 2 /yr in Kansas. So the annual equivalent number (N value) of 1-h rainfall events of 6.35 cm/h was calculated to be 1/46~1/18. This range is consistent with the return period (10 to 25 years) of rainfall in different regions in Kansas. Now we can use equation 4 to calculate the K value of compost. In equation 4, we know F = 223.9, N = 1/46 to 1/18 corresponding to the rainfall and runoff factor (R) of 100 in western Kansas to 250 in southeastern Kansas, LS = 5.41 for a 22.13-m long 18° slope, and C =1.0, and P factor is not used. The compost erodibility factor (K) is calculated and listed in table 7. Since the K factor depends on grain size distribution, soil structure, composition, and vegetation condition, the K value for the four types of compost configurations varies in the range of 0.002 to 0.011 in this study, indicating very low erodibility. In addition, the compost particle disintegration under multiple-event rainfalls changes the soil structure and consequently the K value.
Equation 3 was proposed and used because K value in the USLE for compost or other organic materials is not readily available. N value is the annual equivalent number of 1-h rainfall events with the same simulated rainfall intensity in the lab. If the rainfall intensity has a return period of n years, the number of occurrence of this rainfall intensity in one year (i.e., annual equivalent number, N) is 1/n. Therefore, given the laboratory-scale soil loss and the rainfall return period in a region, the field scale soil loss (tons/ac/yr) can be estimated by equation 3. It is noted that equation 3 has two limitations. The equation assumes linear relationship between soil erosion and area. Equation 2 indicates that soil loss is not linearly proportional to length. The linear relationship assumption actually over-predicts the compost loss in field. The second limitation is that in order to predict soil loss in field, laboratory-scale soil erosion tests need to be conducted and repeated to obtain a representative soil loss. 
CONCLUSIONS
Application of compost in erosion control is an emerging subject. Compost is a manufactured product, and its engineering properties can be controlled to meet specific applications. Meanwhile, due to the origin of compost materials, the constituents in the runoff should be appropriately monitored. In this paper, experimental study was reported to provide quantitative evaluation of using compost as roadside embankment erosion control blanket. Based on the experiments and analyses the following conclusions were made. S Natural base soils, when not covered by compost materials, incur significant soil loss due to rainfall erosion. Soil loss was significantly higher than the NRCS specified soil loss tolerance. S Compost cover significantly improved the rainfall and wind erosion resistance. S Pelletized and unpelletized compost mixed together functioned as a better erosion control layer than the unpelletized compost alone or the filtered compost configuration. S Compost pellets break down under repeated rainfalls, and this could result in increased soil loss. Compost cover should be vegetated to achieve long-term erosion control purpose. S Unpelletized compost is needed for vegetation, because the humus-like unpelletized compost provides the necessary soil-seed contact during germination. S Initial constituent loadings in runoff from compost covers are high for the first rainfall event, and the concentrations decline with subsequent rainfall events, indicating the system experiences a flush of unbound nutrients and salts, until it approaches a state of equilibrium. S Compost is usually treated as an erosion management cover, and the soil erodibility factor (K factor) of natural mineral soil with compost cover uses the K factor of the mineral soil, which is available in the literature. K factor of organic materials such as compost was not reported in the literature. The method proposed in this study is based on the lab-scale erosion tests and can be used to predict the organic soil erosion in the field. The K factor varies with grain size distribution, soil structure, composition, and vegetation condition of compost, and its value of the compost used in this study is in the range of 0.002 to 0.011. The conclusions were based on the cattle manure compost used in this study. The erosion resistance, vegetation establishment, and runoff constituents of other types of composts such as from green wastes or biosolids could vary. Further experiments on other compost are needed to provide broader guidelines for the application of compost in erosion control.
